The objective of this study was to determine the effects of morphometric measurements on race performance (m/sec) of Thoroughbred horses. Data of morphometric measurements (withers height, rump height, chest girth, chest width, front chest width, chest depth, neck length, shoulder length, length of withers to rump, rump length, body length, head width, head length, and cannon circumference) were taken from 244 Thoroughbred horses chosen at random. A total of 2888 racing records were considered for race performance. The effects of environmental factors on morphometric measurements (stallion, gender, age, and mother age) and race performance (gender, age, mother age, year, hippodrome, race distance, racetrack, and race type) were analyzed using the least squares method. Principal component analysis (PCA) was performed for morphometric measurements, and then the factor loadings were rotated by Varimax method. Multiple linear regression analysis was applied for the significance of the obtained factors on race performance. Significant effects for stallion on all morphometric measurements, except head length and width, and for gender on withers height, cannon circumference, and head width were determined. Race performance was significantly influenced by stallion, gender, age, year, hippodrome, race distance, racetrack, and race type. After PCA, four factors with eigenvalues >1 were attained. The effects of factors on race performance were not significant, according to the results of multiple linear regression analysis. Therefore, the effects of the morphometric measurements examined on the race performance were not significant in Thoroughbred horses.
Introduction
It is widely accepted that the horse was domesticated in the years 3000 BC, after dogs, sheep, goats, and cattle. After domestication, horses started to be used for various purposes, which have changed throughout history. Nowadays, horse breeding is mostly undertaken for sport and recreation purposes (Taylor and Field, 2014) . Horses have been also used for transportation and farming in some countries (McManus et al., 2013; Tennah et al., 2014) .
The Thoroughbred horse breed is mainly known for running, especially flat racing, but is also used in a variety of sports such as jumping, hunting, three-day eventing, dressage, and polo. Flat racing with Thoroughbred horses has a very important place in equestrian sports around the world. This breed has been improved for speed at middle -distances (1400-2400 m) (Evans et al., 1994; Taylor and Field, 2014) .
Horse performance during the race is measured in various forms. In flat racing, speed (m/sec) is a measure largely used in assessing race performance. Many factors influencing race performance of Thoroughbred horses (e.g., husbandry, nutrition, exercise, race distance, racetrack, gender, handicap weight, age, mother age, and hippodrome) have been addressed in some studies (Oki et al., 1994; Barron, 1995; Ekiz and Kocak, 2007; Buxadera and Mota, 2008; Bakhtiari and Heshmat, 2009; Paksoy and Ünal, 2010; Park et al., 2011; Takahashi, 2015) .
Morphometric measurements of horses are considered a criterion in determining breed characteristics and body conformation. In addition, they are important in monitoring development during the growth period and in determining the suitability for breed standards in the post-growth period. Thoroughbred horses are required to conform to the breed characteristics in various body measurements. Many studies involving morphometric measurements in different horse breeds have been carried out (Anderson and McIlwraith, 2004; Staniar et al., 2004; Gücüyener Hacan and Akçapınar, 2011; Yılmaz and Ertuğrul, 2012; Padilha et al., 2017) . On the other hand, no research has been found on the impact of morphometric measurements of Thoroughbred horses on their race performance (m/sec). Only one study (Smith et al., 2006) reported that withers height, rump height, body length, and heart girth of yearling Thoroughbred foals were positively correlated with lifetime earnings and win percentage.
Principal component analysis (PCA) is the simplest of the true eigenvector-based multivariate analyses. It is most commonly used to intensify the information included in a large number of variables, strongly correlated, into a smaller set of new composite dimensions, without much loss of information. It does so by composing new uncorrelated factors that successively maximize variance (Sadek et al., 2006; Park et al., 2011; Alpar, 2013) .
The purpose of this study was to evaluate the impact of morphometric measurements on race performance of Thoroughbred horses using multivariate analysis.
Material and Methods
The animal material consisted of 244 Thoroughbred horses of different ages that run in races in Hippodromes organized by the Jockey Club of Turkey. The animals were randomly selected from horses housed in Adana Yeşiloba Hippodrome, in Adana city, Turkey (37°0' N and 35°19' E), in 2013. Pedigree (stallion, birth date, age, gender, and mother age) and racing (running year, hippodrome, race distance, race duration, racetrack, and race type) information of the horses was obtained from the records of the Board of High Stewards, Ministry of Food Agriculture and Livestock of Turkey, and the Jockey Club of Turkey.
All morphometric measurements (Table 1) were taken from the right side with the horse standing in a normal position inside a fixed crush.
Of the 244 investigated animals, 159 horses that had at least three paternal half-sibs and three official racing records were selected for the statistical analysis of race performance and effects of morphometric measurements on race performance. Race performance (m/sec) was calculated based on duration and distance for each race.
The least squares mixed models including fixed effects of factors was used, as shown below: y ijklm = μ + α i + β j + γ k + δ l + e ijklm (for morphometric measurements), in which y ijklm = dependent variable, µ = overall mean, α i = fixed effect of stallion, β j = the fixed effect of gender, γ k = fixed effect of age, δ l = fixed effect of mother age, and e ijklm = random error. Paksoy and Ünal 3 y ijklmnoprs = μ + α i + β j + γ k + δ l + η m + κ n + σ o + τ p + ω r + e ijklmnoprs (for race performance), in which y ijklmnoprs = dependent variable, µ = overall mean, α i = fixed effect of stallion, β j = fixed effect of gender, γ k = fixed effect of age, δ l = fixed effect of mother age, η m = fixed effect of year, κ n = fixed effect of hippodrome, σ o = fixed effect of race distance, τ p = fixed effect of racetrack, ω r = fixed effect of race type, and e ijklmnoprs = random error.
The meanings of the factors used in the mix models given above are explained below:
Stallion: father of horses investigated. Gender: male and female horses investigated. Age: ages of horses investigated = 2, 3, 4, 5, and 6+ years old. Mother age: mother ages of horses investigated = 2-5, 6, 7, 8, 9, 10, 11, 12, 13-15, and 16-19 years old. Year: the years of horse racing; 2001-2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, and 2013 . Hippodrome: cities of hippodrome where horse races took place = Adana, Bursa, İstanbul, Ankara, İzmir, Diyarbakır, Şanlıurfa, and Elazığ. Race distance: between 800 and 2400 m, and run by the horses investigated from start to end points = 800-1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200 , and 2400 m. Racetrack: ground composition of racetrack = dirt and turf. Race type: flat racing categories organized according to various characteristics. Maiden race: racing joined by horses that have never won. Handicap race: racing in which different weights are loaded on the horses, and these weights are determined by scores of official handicappers to equalize their chances of winning; handicap 13 (horses with a score between 1-50); handicap 14 (horses with a score between 1-65); handicap 15 (horses with a score between 1-75); handicap 16 (horses with a score between 30 and 85); and handicap 17 (horses with a score between 40 and 100). Condition race: racing where horses participated according to the total amount of lifetime earnings, and additional weights are loaded on horses according to the total amount of lifetime earnings. The more the number of condition race increases, the more total amount of lifetime earnings are needed to participate. Open class: racing with high-performance horses carrying the same weight.
Statistical significances among the subgroups were determined by Tukey's test at 5% significance level. Pearson's correlation coefficients were calculated among morphometric measurements. The Kolmogorov-Simirnov normality test for normal distribution fitness, the Kaiser-Meyer-Olkin test for sample size adequacy, and Bartlett's sphericity test were applied in the morphometric measurement data. Principal component analysis for morphometric measurements were performed, and then the factor loadings were rotated by the Varimax method. The significance of the rotated factor loadings was determined using the value of 0.45, which is the limit for n = 159. Factor eigenvalues greater than 1 were accepted (Alpar, 2013; Tabachnick and Fidell, 2014) . For factor analysis, the basic factor analysis equation was used, as follows:
in which Z = p×1 vector of variables, ƛ = p×m matrix of factor loadings, F = m×1 vector of factors, and e = p×1 vector of error factors.
Multiple Linear Regression Analysis, using the model below, determined the importance of the effects of the obtained factors on race performance (RP):
in which a = regression constant value; FS = factor scores; b 1 , b 2 , b 3 , and b 4 = regression coefficients of factor scores; and e = error term.
The t test was used for significance of the regression coefficients. The autocorrelation assumption was determined by the Durbin-Watson test. Statistical procedures were carried out using SPSS software (Statistical Package in Social Sciences for Windows, version 14.01).
Results
Least squares means (Table 2) were 169.34±0.52 cm for withers height, 187.66±1.12 cm for chest girth, and 168.52±0.75 cm for body length. (Table 5 ).
The regression coefficients obtained for the factors were not significant (P>0.05) ( Table 6 ). The Durbin-Watson test for autocorrelation yielded a value of 1.377. Correlation coefficients between race performance and regression coefficients of FI, FII, FIII, and FIV were calculated as -0.012, -0.079, 0.022, and 0.050 (P>0.05), respectively.
Discussion
Size and morphometry are extremely important traits in nearly all horse breeds including Thoroughbred, and numerous breed registries select horses on functional criteria and support the breeding of horses with body types most convenient for those particular functions. Using many body measurements from the head, neck, trunk, and limbs in a great number of horse breeds such as Thoroughbred, Shire, and Friesian in USA showed that there was a high body size variation among the horse breeds (Brooks et al., 2010) .
Coefficients of morphometric measurements covered in this study were low and less than 10%, which shows that the uniformity of morphological characteristics of the breed were rather high. These findings agreed with the report by Brooks et al. (2010) in which the lowest variation for body measurements among 65 horse breeds was observed in Thoroughbred horse breed.
In terms of morphometric measurements examined, males showed higher values than females. However, the effect of gender on morphometric measurements was generally not very clear, given that gender effects were only important for withers height, cannon circumference, and head width.
There was usually a slight increase in morphometric measurements as the animals grew older, but none of these increases was statistically significant. This shows that Thoroughbred horses generally complete their growth and development at the age of two, agreeing with the statement that Thoroughbred horses are early-maturing. In fact, Thoroughbred horses start their racing life one year earlier (two years old) than Arabian horses, the other breed used in flat racing in many countries. A research by Anderson and McIlwraith (2004) found that the various body measurements of Thoroughbred horses were similar at two and three years old, despite significant increase from one to two years old. Similarity of body measurements between two-and three-year-old Thoroughbred n -race number; M -maiden; HC -handicap; HC13 -horses with a score between 1-50; HC14 -horses with a score between 1-65; HC15 -horses with a score between 1-75; HC16 -horses with a score between 30 and 85; HC17 -horses with a score between 40 and 100; C -conditions (C1, C2, C3, C4, C5, C6, C7, C8, C21-22) -horses that participate in these races according to the total amount of lifetime earnings. The more the number of condition race increases, the more total amount of lifetime earnings are needed to participate; OC -open class. Paksoy and Ünal 7 horses (Anderson and McIlwraith, 2004 ) was close to the findings of the present research. On the other hand, mother age did not significantly influence morphometric measurements, which suggests that the effect of mother age remained unchanged before the age of two years.
The average withers height, one of the most important measurements, detected in this study (169.34 cm) was close to the upper limit of the range (165-170 cm) for that breed (Arpacık, 1999) , but was higher than the 164.1 and 163.0 cm reported in studies conducted in Turkey (Yılmaz and Ertuğrul, 2012) and Iran (Bakhtiari and Heshmat, 2009 ), respectively. Withers height of the two-year-old horses in this study (168.75 cm), however, corresponded to 98.6% of this value in horses of 6+ -years old (171.12 cm), which is in line with reports describing that two-year-old horses should reach 95% of the adult value in terms of withers height (Kocher and Staniar, 2013) . The average withers height of the two-year-old foals in this study was very similar to the 168.9 cm predicted for Thoroughbred foals at same age in 34 regions of England, Ireland, and the USA (Kocher and Staniar, 2013) , but higher than 154.7 cm reported for the same age of Thoroughbred foals in a private enterprise in USA (Anderson and McIlwraith, 2004) . In this research, race performance was evaluated as the speed of horses (m/sec) during the activity. The general evaluation of the effects of various factors on race performance revealed that the effects of all factors were important, except for mother age. Male horses had a better race performance than females (0.087 m/sec), corroborating results of studies conducted on the same breed (Ekiz et al., 2005; Mota et al., 2005; Buxadera and Mota, 2008; Park et al., 2011) . On the other hand, Oki et al. (1994) noticed that mares were faster than stallions on turf at all race distances, while on dirt, Japanese Thoroughbred stallions were faster than mares, except at 1200 m.
In the present study, race performance improved steadily with age, from the lowest, two years old, to the highest, 6+ years old. The effect of age on race performance was significant and was consistent with the findings of investigations on the same breed (Ekiz et al., 2005; Buxadera and Mota, 2008; Park et al., 2011; Takahashi, 2015) . The increase in race performance with age may be related to a gradual adaptation of horses to race conditions. Young horses can exhibit behaviors that may adversely affect race performance before and during the race. Horses with poor race performance might be separated from race life at an earlier age. As a matter of fact, in a study conducted in Japan (Takahashi, 2015) , it was determined that the race performance of Thoroughbred horses increased to four years old and continued high after this age. Four-year-old Brazilian Thoroughbreds were significantly faster than horses of other ages for all race distances, except for 1100 m. However, the horses older than five years showed a significantly lower performance than the other ages for all race distances, excluding the 1100 m (Mota et al., 2005) . Gramm and Marksteiner (2010) observed that peak age was 4.45 years and the lowest age was two for race performance in Thoroughbred in USA. On the other hand, race performance was not significantly affected by mother age. This finding differs from those reported in a study with Thoroughbred horses in England (Barron, 1995) , in which race performance was higher for horses from younger mares and reduced for horses from older mares. Furthermore, similar results of unimportant mother effects on race performance were reported in a study with Arabian horses (Köseman and Özbeyaz, 2009) .
In this research, significant differences in race performance were determined among the hippodromes. This may be because high-performance horses participate more in the races in Istanbul, Ankara, Izmir, and Bursa compared with the other hippodromes. In fact, highly awarded races are organized more often in these cities.
The fact that the differences in horse race performance between the 800 and 1500 m distance were not significant indicated that races up to 1500 m did not negatively impact performance. After 1500 m, the increase in race distance affected race performance negatively. It is possible that the number of turns on the racetrack had an influence on race performance, because races up to 1500 m include a single turn, while racetracks from 1600 to 2400 m include two turns. A research conducted on Thoroughbred horses in Japan reported that the number of turns was changeable (one or two) according to race distance, and turns induced a decrease in race performance regardless of the composition of the racetrack (Takahashi, 2015) .
Horses running in turf racetrack performed better than those running in dirt racetrack, with 0.54 m/sec, and this result was consistent with literature reports (Arpacık, 1999; Buxadera and Mota, 2008; Park et al., 2011; Takahashi, 2015) .
Race type also affected race performance, and the lowest was obtained in the Maiden and Condition 1 racings. Horses that have never been ranked first participated in maiden racing, while horses competing for the first time were involved in Condition 1 racing. Therefore, race performance was expected to be low in these races. On the other hand, the highest race performance was achieved in open-class racing. High-performance horses are known to have participated in open-class racing and being highly awarded.
Withers height, rump height, and chest girth were positively and significantly correlated with the other measurements. These results are in agreement with previous reports on Thoroughbred horses (Brooks et al., 2010) , Brazilian Sport horses (Padilha et al., 2017) , and Arabian horses (Sadek et al., 2006) .
All measurements loaded in a positive direction for FI, indicating a positive correlation among all 14 measurements, and therefore head, neck, trunk, and limbs increase or decrease in size coordinately. Factor I was represented by significantly positive high loadings on withers height, body length, chest girth, chest width, chest depth, rump height, neck length, length of withers to rump, head length, and head width. Factor I explained more than half of the variation. Therefore, this factor seemed to represent general size. For FII, all measurements, except rump height, loaded in a positive direction. Factor II was highly loaded for chest girth, cannon circumference, chest depth, neck length, and length of withers to rump, and this factor seemed to represent body thickness. While half of the measurements in FIII were loaded in negative direction, this factor included significantly positive high loadings for cannon circumference and head width. The top contributors to FIV included cannon circumference (negative direction) and rump length (positive direction). Both FIII and FIV had only two significant loadings. It has been reported that two factors were obtained using the data collected from the head, neck, trunk, and limbs in 65 horse breeds including Thoroughbred using 35 body measurements (Brooks et al., 2010) . Miserani et al. (2002) described only two factors for 15 linear measurements in Pantaneiro horses, while Sadek et al. (2006) reported that three extracted factors for each gender (mares and stallions) were determined in Arabian horses using 13 body measurements. These may be due to the differences among breeds or the type of investigated measurements.
Lower common variance for shoulder length and head width might indicate that these measurements were less effective to the variation compared with the other measurements in Thoroughbred horses.
According to the results of multiple regression analysis, the effects of the four factors on race performance obtained in this study were not significant, and only a very small portion of the variation of race performance can be explained by the examined morphometric measurements.
Conclusions
The effects of the examined morphometric measurements on race performance are not significant in Thoroughbred horses.
